Sperm ine, Sperm idine, Polyam ines, Nefkens R eagent, N -Ethoxycarbonylphthalim ide Sperm idine, spermine and oth er polyam ines 1-5 were selectively protected at the term inal primary amino functions w ithout affecting the secondary amino groups using N-ethoxycarbonylphthalim ide (15), the N efkens' reagent. T hree representative products, 17, 18 and 20, readily underw ent acylation at the secondary amino nitrogen to give the corresponding compounds 21-26. Selective deprotection of two representative samples 22 and 25 at the primary amino function by hydrazinolysis yielded the corresponding derivatives 27 and 28 with free primary amino groups.
Introduction
In the past two decades considerable efforts have been expanded to the elucidation of structures and biological functions of various naturally occurring polyamines [1 -4] , The elevated levels of polyamines in cancer patients have been correlated with the rate of proliferation of cancer cells [5] . On the basis of these results it was proposed [6] to use polyamines as cancer markers. Furtherm ore, attem pts have been made to suppress the form ation of polyamines by the administration of suitable inhibitors of ornithine de carboxylase which is responsible for the form ation of putrescine which, in turn, is considered to be the key interm ediate in the form ation of other polyamines [7, 8] . With this approach, it was hoped to retard the proliferation of cancer cells and hence to develop a chem otherapy for certain cancers.
A nother interesting approach was proposed [9] for the design of antineoplastic drugs by suitable de- rivatizations of the secondary amino nitrogens in such polyamines as spermidine (1) and spermine (4) .
This approach was proposed on the basis of recent findings [10, 11] that the uptake and concentrations of polyamines in L1210 lymphoid leukemia cells are not affected by modifications of secondary nitrogens of polyamines while substitutions at the primary amino nitrogen have a decisive effect. The ability to selectively derivatize the secondary nitrogens in polyamines presents an opportunity to deliver anti neoplastic moieties to the cancer cells [9, 10] . Conse quently, the development of the synthetic methodologies leading to such a selective modifica tion of the secondary amino nitrogen with either a preservation or restoration of the unblocked primary amino functins is of considerable interest.
A t present, there are five methods available for a selective functionalization of polyamines. In the ear liest m ethod [12] N4-tosyl-N8-phthaloylspermidine (6) was used in order to introduce three different substituents into the spermidine molecule. U nfortu nately, the eight-step sequence which is required to obtain the reagent 6, combined with the subsequent stepwise derivatization make this method little at tractive. The more recent reagent, N4,N8-di-f-butyloxycarbonylspermidine (7) was designed [13] prima- 0 0
rily for the introduction of acyl groups at the Im position of spermidine, and, consequently, is of limited value for a general preparation of the desired terminally protected polyamine derivatives.
In the third m ethod [14] the reaction of spermidine with form aldehyde produces l-(4-aminobutyl)-hexahydropyrimidine (8) which on successive acylation and ring cleavage is transform ed into terminally Nacylated polyamine derivatives (9). However, this procedure apparently cannot be adopted for hom o spermidine, and the ring cleavage conditions might be a limiting factor [9] .
M ore recently, a comprehensive methodology was developed [9] for the N-acylation of term inal primary amino groups of triamines via their N-benzylated de rivatives at the secondary nitrogen atom (10). The necessary N-benzylated compounds (10) are readily synthesized [15, 16] from the commercially available benzylamine and 3-(benzylamino)-propionitrile. A l though this methodology is convenient and relatively simple, it nevertheless, requires a minimum of four steps to secure the desired, selectively protected polyamine derivatives 12. Furtherm ore, an adapta tion of this methodology to the protection of linear tetram ines, such as spermine, has not been reported.
The most recently reported methodology [17] appears to obviate these problems. In this m ethod, l,3-thiazolidine-2-thione is used as the transfer agent for the protecting moieties. Thus, the reaction of 3-benzyloxycarbonyl-l,3-thiazolidine-2-thione (13, R = C6H 5C H 20 -) with spermidine (1) gave the N i,N 10-bis(benzyloxycarbonyl)spermidine (9, R = C6H 5C H 20 -) in 69% yield [17] , and the reaction of various 3-acyl-l,3-thiazolidine-2-thiones 13 with spermidine (1) and spermine (4) rendered the corre sponding terminally N-acylated polyamine deriva tives 9 and 14 [18] [19] [20] [21] .
,NHCR 14 13: R = alkyl, alkoxyl, aryl It was suggested [19] that the high selectivity achieved with this m ethodology is attributable to hydrogen bonding involving the hydrogen of the amide moiety and the lone pair of electrons of the secondary amino group, thus decreasing the nucleophilicity of the secondary amino group.
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H ow ever, the same hydrogen bond formation re sponsible for the good selectivity may also cause [17] difficulties during the subsequent acylation step of the secondary amino group in terminally protected polyamines.
These difficulties were eventually resolved [17] by the use of either the phenyl-bis(2-thiono-l,3-thiazolidine-3-yl)phosphine oxide reagent which is commercially not available or triphenylphosphine/ 2,2'-dipyridyl-disulfide reagents [22] [23] [24] which re sulted in lower yields of products.
In summary, all presently known m ethods suffer from some drawbacks. Ideally, a selective reagent for the protection of terminal prim ary amino groups should be (1) readily commercially available, (2) should be inexpensive, and (3) the protecting reac tion should involve one step without involvement of the secondary amino group which would be available for further direct derivatization.
In our ongoing research on new anticancer drugs we have also been interested in derivatization of spermine and spermidine at secondary amino groups. Since the existing m ethodologies appeared to be unsatisfactory for our purposes which could involve sensitive moieties it was decided to search for a new approach for the protection of prim ary amino functions without affecting the secondary amino groups.
Results and Discussion
Now we have developed a convenient, selective, one-step method for the protection of the primary amino functions using N-ethoxycarbonylphthalim ide (15) introduced by Nefkens [25] about 25 years ago. Although this reagent has been widely used for the N-protection of amino acids [25, 26] , to the best of our knowledge, no application of this reagent for the selective protection of primary amino groups in poly amines has been reported. The to date reported diethylenetriam ine and triethylenetetram ine deriva tives protected with the phthaloyl moiety at the ter minal amino groups have been prepared using either some difficult to obtain intermediates or harsh ex perim ental conditions [27, 28] . These methodologies were, therefore, of limited value in our studies.
In our approach the one-step reaction of five rep resentative polyamines 1-5, including the naturally occurring spermidine (1) and spermine (4), with the N efkens' reagent (15) resulted in the production of the corresponding terminally N-protected derivatives 21-25 in m oderate to good yields of 53 -86%.
In practice, compounds 21-25 were conveniently synthesized in 45 min at room tem perature by mixing the dichlorom ethane solutions of two molar equiva lents of 15 with one molar equivalent of 1-5. In order to ascertain the preferred reactivity of 15 with primary amino groups as compared to the secondary amino groups, three equivalents of 15 were in teracted with one equivalent of 3 in chloroform at room tem perature for 15 min and at 60 °C for 30 min. However, in spite of an excess of 15, only one product (18) was isolated.
In all experiments the purification of the less solu ble products in methanol was achieved by trituration with m ethanol, and the more soluble products were purified by recrystallization from methanol.
The melting point of compound 20 (m.p. = 153 -155 °C) was significantly different from that (m .p. = 233-234 °C) found in the literature [18] . Since our comprehensive analytical data strongly support the proposed structure of 20 it is concluded that the previously reported [18] compound is not identical with our product (20) . 
The terminally N-protected phthaloylated polyamines readily undergo acylation reactions at the secondary amino nitrogen. Thus, for example, the reaction of compounds 18 and 20 with benzoyl chloride in the presence of triethylamine gave deriva tives 22 and 26 in 73% and 92% yield, respectively. Analogously, the reactions of 17 with valeryl and glutaryl chlorides gave 21 and 25 in 80% and 82% yield, respectively. Similarly, the acylation of 18 with succinic anhydride in the presence of pyridine readily produced the 2-carboxyethyl derivative 24 in 88% yield, and the reaction of 18 with phenylisocyanate resulted in the urea derivative 23 in 97% yield.
The selective deblocking of primary amino groups without affecting the secondary amino functions can be achieved either by the hydrazinolysis [29, 30] or aminolysis [31] with a 40% aqueous methylamine solution. W hereas the use of the latter reagent was unsuccessful, the hydrazinolysis of two selected sam ples 22 and 25 in boiling ethanol afforded products 27 and 28 which were isolated as their oxalic acid salts in 86% and 67% yield, respectively. All products were characterized by microanalysis and IR, H NM R, 13C NM R and mass spectrometries ( Table I ). The purity control of all products was also monitored by the TLC analysis. In conclusion, the use of N efkens' reagent for the protection of primary amino groups in polyamines without affecting the secondary amino groups pre sents a simple and effective one-step procedure based on readily available and inexpensive com m er cial starting materials.
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Experim ental
Materials
All reagents were of the finest quality available commercially. Triethylamine was kept over potas sium hydroxide pellets. N-Ethoxycarbonylphthalimide (the Nefkens' reagent) was purchased from Fluka AG.
Analytical procedures
Melting points were determ ined on a Thomas H oover melting point apparatus, model 6406-K with a calibrated thermom eter. The IR spectra were re corded either on a Perkin-Elm er Spectrophotom e ter, model 735 B or on a Nicolet-IOM X FT IR Spec trophotom eter. 'H NM R analyses were perform ed on a V arian 60 MHz NM R Spectrom eter, model EM-360 L. 13C NM R spectra were obtained on a Varian CFT-20 Spectrom eter using an 8 K data table, TMS standard, D 20 lock, and a sweep width of 4000 Hz. Mass spectra in the chemical ionization (C l) and/or electron impact (E l) modes were re corded on a Hewlett-Packard Mass Spectrom eter, model 5985 GS. Microanalyses were obtained on a Perkin-Elm er 240C Elemental Analyzer. TLC ana lyses were perform ed on silica gel 6OF254 precoated sheets (EM Reagents), layer thickness 0.2 mm with visualization using UV light and/or iodine chamber. Table I . A t the end of this period it was found by TLC analy sis that the mixture contained mainly 18 and the un reacted N efkens' reagent, plus some minor im purities.
The reaction mixture was concentrated at 30 °C/ 20 torr to a volume of 15 ml. Boiling methanol (50 ml) was then added, and the resultant solution was kept overnight in a refrigerator at 0 °C. The pre cipitated product was collected by filtration and washed with cold (0 °C) m ethanol (2 x 3 ml) to give 1.15 g (63%) of a pure com pound, m.p. 178-180 °C. This product was identical in all respects with an authentic sample of 18 ( Table I) . (21) To a solution of 17 (1.17 g, 3.0 mmol) and triethylamine (0.50 g, 5.0 mmol) in dichlorom ethane (10 ml) was added dropwise, at -2 0 °C, a solution of valeroyl chloride (0.39 g, 3.2 mmol) in dichloro m ethane. The reaction mixture was stirred at 20 °C for 12 h. A fter dilution with 25 ml of dichloro m ethane the reaction mixture was washed with a 5% aqueous solution of citric acid (2x25 ml), water (25 ml) and a 2% aqueous sodium carbonate solu tion (2x25 ml). The organic layer was dried with anhydrous magnesium sulfate and filtered. Removal of the solvent on a rotating evaporator at 30 °C/ 20 torr afforded a colorless, oily residue which crys tallized slowly. Trituration of this material with a mixture of /-butyl methyl ether and /j-hexane (1:1, v/v) followed by filtration gave 1.18 g (82%) of pure 21, m .p. 82-84 °C.
MS (C l): m /e = 476 (M + + 1, 100%), 477 (M + + 2, 32% ). -IR (KBr): v = 710, 1010, 1345, 1381, 1433, 127 1615,1670,1751,2890 c m '1. -'H NM R (CDCI3): d = 0.82 (t, 3H ), 1.00-2.37 (m, 10H ), 3 .0 3 -3 .7 7 (m, 8H ), 7.40 ppm (s, 8H ). -13C NM R (CDC13): ö = 13. 79, 22.48, 27.16, 27.46, 28.35, 32.92, 35.58, 35.85, 43.50, 45.59, 123.22, 132.06, 133.89, 168.18, 172 .87 ppm.
C ,7PL9N ,0 5 (475.52) Calcd C 68. 19 H 6.15 N 8.84, Found C 67.86 H 6.13 N 8.80 . C ,7H 2iN 30, (467.46) Calcd C 69.37 H 4.53 N 8.99, Found C 69.71 H 4.74 N 9.04 . 870, 1007, 1067, 1115, 1169, 1244, 1395,1540,1599,1695,1769,2944, 3069 cm "1. -'H NM R (CDC13): ö = 1. 34 (b.s., 1H ), 3.66 (t, 4 H ), 3.95 (t, 4 H ), 6.89-7.92 ppm (m, 13H) . -13C NM R (CDC13): (3 = 36.09, 45.25, 119.64, 122.70, 123.48, 128.59, 132.06, 134.10, 139.29, 154.88, 168.39 ppm. C27H 22N40 5 (482.48) Calcd C 67.21 H 4.60 N 11.61, Found C 67.44 H 4.75 N 11.73 . (24) To a stirred solution of 18 (4.00 g, 11.0 mmol) and pyridine (2 ml) in chloroform (60 ml), was added, in one portion, pow dered succinic anhydride (1.21 g, 12.0 mmol). A fter stirring of the reaction mixture for 6 h at 20 °C the resultant clear solution was washed with 4 N aqueous hydrochloric acid (2x50 ml) and w ater (50 ml). The organic layer was separated, dried with anhydrous magnesium sulfate and fil tered. C oncentration of the filtrate on a rotating evaporator at 40 °C/20 torr gave the crude produce 24 in the form of a thick oil. Crystallization from m ethanol gave 4.50 g (88% ) of pure 24, m.p. 177-178 °C.
MS ( 28.91, 35.19, 44.03,45.10, 122.87, 123.13, 131.37, 131.61, 133.58, 133.91, 167.56, 167.87, 172.27, 175.89 (25) To a solution of 17 (3.80 g, 9.7 mmol) and triethylamine (1.50 ml, 10.6 mmol) in dichlorom ethane (30 ml) was added dropwise a solution of glutaryl chloride (0.78 g, 4.6 mmol) in dichlorom ethane (6 ml) at -30 °C. The reaction mixture was first stir red for 30 min at -5 °C to -10 °C and subsequently for 18 h at 20 °C. The reaction m ixture was then washed with a 5% aqueous solution of citric acid (2x25 ml) and a 2% aqueous solution of sodium bicarbonate (50 ml). The organic layer was dried with anhydrous magnesium sulfate, and filtered. R e moval of the solvent on a rotating evaporator at 30 °C/20 torr gave 3.24 g (80% ) of pure 25 in the form of an am orphous solid, m .p. 65-76 °C.
The mass spectrum could not be recorded because the sample did not vaporize. IR (KBr): v = 1035, 1188, 1385, 1397, 1437, 1467, 1640, 1711, 2940 20.74, 26.90, 28.04, 32.02, 35.41, 35.67, 43.31, 45.44, 123.02, 131.96, 133.69, 167.99, 172.20 ppm. C49H 46N6O 10 (878.91) Calcd C 66.96 H 5.28 N 9.56, Found C 66.59 H 5.11 N 9.25 .
Preparation o f N 1 ,N 10-bis(phthaloyl)-N 4,N 7-bis-benzoyl-1,4 ,7,10-tetraazadecane (26) To a solution of 20 (0.61 g, 1.5 mmol) and triethylamine (0.40 g, 4.0 mmol) in dichlorom ethane (20 ml) was added dropwise a solution of benzoyl chloride (0.44 g, 3.1 mmol) in dichlorom ethane (5 ml) at 15-20 °C. A fter stirring for 2 h the reac tion mixture was washed with 2 N hydrochloric acid (2x25 ml), water (25 ml) and a 2% sodium bicarbo nate solution (50 ml). The organic layer was dried with anhydrous magnesium sulfate and filtered. C on centration of the filtrate on a rotating evaporator at 30 °C/20 torr gave the crude product 26 in the form of a white solid. Crystallization from 80% aqueous methanol gave 0.85 g (92%) of pure 26, m.p. 208-210 °C. MS ( 66, 46.60, 123.35, 126.49, 128.42, 129.42, 131.92, 134.07, 168.40, 170.45 ppm. C36H 30N4O6 (614.63) Calcd C 70.34 H 4.92 N 9.12, Found C 69.97 H 4.86 N 8.87 .
Preparation o f N 4-ben zoyl-1,4 ,7-triazaheptane dioxalate (27) To a boiling solution of 22 (0.663 g, 1.42 mmol) in anhydrous ethanol (10 ml) was added, in one por tion, a solution of anhydrous hydrazine (0.095 g, 2.98 mmol) in anhydrous ethanol (2 ml). The reac tion mixture was m aintained at reflux for 3 h, fol lowed by removal of the solvent on a rotating evaporator at 40 °C/20 torr. The semi-solid residue was dissolved in w ater (15 ml), and the solution was acidified with acetic acid (1 ml). The precipitated 2,3-dihydro-l,4-phthalazinedione was collected by filtration and the filtrate concentrated on a rotating evaporator at 60 °C/20 torr. The oily residue was dis solved in ethanol (10 ml), and the solution mixed with a solution of oxalic acid dihydrate (0.447 g,
